






Intemhil A e r o w o s r  Seetion of the NACA at Lanalev Field, Va. - - 
fs gratefl~lly ackncwledgad. Hr. Wllbui assPsted in meamring 

the data needed for thfta investigation and In preparing figurea 

for the preerentaCiw of the reeults reported herein. 



........ Statement of the Problem ....... *. 132rportanm of the Problem 

..... 'Present Statudi of the, W % ~ F B ~ W ~  

a s s  I3.m and Total-Pxesaus Losrj Stmi 

. ~tu ldary -~er  &xkp ............... 
V. COMm3TATfONAL METHODS ...oe..*eee...e..e..o 

.................... Velouity Profiles 



V3. RESULTS OF STATXCSmUEZE DISTRZEIIJTXOR~ BIEWmm 

Otmparl.oon of B;oundar~r hyem in the Two 
CoIff lg-U~~i~ *.*.** B..... + . b * . .  * i * ~ * . Y . * . * , * . . * * * . * .  



.' LXST OF FIGURES 

3. Thlcker-fn3+bou~-Zayer configuration ....,.,.....,.... 

6, Pariaiiian of men inlet Mach number and Bean ;inlet 
~ y n o l d s  number with the presbure.ratio % ...... . ..... 

Ro 
7. S t a t $ a - p r e s ~ ~ ~ ~  dist13but;im - thinner idc).t boundary 

k y w  8WS.00m000,0000.84..808.*..*b.8~CCC8t~S***88*S8***** 

8. Statia-prerssrrm d i s t r i h Z i m  - Weer inlet beundarg 
1-r ~8..08.8....SS8.880@88.0~40****88~88*..8~.*068*****8 

10. Mdlal s%atie-pmssuSUm diatribiztdcm - thinner Snle t  

r I  
buundary laywr, .,.. ................. ....*.... ....... ,.*.. 

11. RadSal etati&-pre~sure distri.butian - €M&er i n l e t  
b~3- byer *,.**8..8.8.~*8e.8*~848~0~~**.*88~*88**8.* 

12(a) t o  (g). lhndafy-mer profiles - thinner in let  
bonndaw layew 8 8 8 * . . . 8 . * 8 . 8 . W . 8 * . * * 8 8 * * C 8 8 . 8 0 *  

13. Variation of boundary-layer Wlilckness with pmaa- 
rat50 - thinner inlet bcmdaxy layer ..,,,..,.~.,........ 

,U. Qa~5atton of df spXace?~mt thickness u i t h  prewsurre ratio - 
Chimer inlet b d a w  layer ............................ 

X5. Growth of dieplacement &!?.chess 3n the thlnnetr-inlet- 
boundary-lqmr 8iffl;lser ..e.,o,e........0.,~0ee~.000000+0 

16. Qarlation of .aomnttm thickm~& uith preesme ratio - 
thinner inlet boundary l&r .. .. .... . .. , . . .,., .. . . ... . 8 .  

17. 'O&h of glcpmnhm thicbess fn the thltmelr-inlet- 
bbundarp-lay&r d.fntser ............~... 8;88008s.80080*8* 

8 Variation of boMdarg-lag~x-ehspe parameter w i t h  
preesulra -6fo - thfnnsr inlet boundary lamr ........ ;.. 

PAGE 

13 

15 ' 

16 

28 

18 



19. Orow& of bouadary-layer-sham parmeter in the thinner- 
inlet-Wndarplayer diffuser . . . . .'. . . . . . . . . . . . . . . . . . . . . . jO 

=(a) t o  (g) . Boundary-layer profiles - thlaker inlet  
boundary layer ................................. 54 

22. Variation boundarplayer thickness with pressure 
ra t lo  - t h f c k ~ r  inlet boundary layer . . . . . . . . . . . . . . . . . . ,,_ 61' 

22. ~ar~atfon of displaoemnt thickness with prerrmrct ratio 0- 
thi&er inlet boundary h p r  . . . . . . . . . . . . . . . . . . . . . . . . . . .. 62 

a. Variatfon of ~aoxaeritu~ thickness with pressure ratio - 
e .t;h2&er i n l e t  boundary 1-r . . . . . . . . . . . . . . . . , . . . . . . . . . . , 4t 

25, G r o w t h  of manentam th303mese i f i  the thic$er-in2et- 
bO~tldm-1w~r di-f?UstW m.....~..m...m..m.....~~t.~,~~.~. 65 

26. Vsrtation of b o ~ - ~ a y e r - s ~ s  paramDster vtth pIX988Uls 
ratfo - thicker W e t  boundary mer .................... 

27. Qm&4 of boundary-18yer-bfhSpe ~ ~ t e r  In the tfiicker- 
. S n l e t - t m n d ~ - ~ r  df ffbser . . . . . . . . , . . . , . . . . . , . . . . . ... 67 

29. Conrparjlson of bmmdarg-Iaprr thickness pglgmshra d 
and 6* in the d i f R i s ~ r  . . . . . . . . .. . . . . .,. . . . . . . . . . . . . . . . 

30. V~riation of lws 6oeffitcPent with pressure ratio ......... 
31. Variation of diffision factor wfth pre~snm ratis ........, 75 

3 .  Variation of pree~ure effiaiency with pressure ratio . . . . . , 77 

33, Variation of diffbser effedtfaeness with pressure r a t i o  . . . 78 



CHAPTER I 

THE: PROBLEM, DEFmIO% OZF TERMS USED, 

AND O ~ ~ I W T I O ~ S  OF TIE T ~ S I S  
\ .  ' 

The enplaasit?~ that b s l  been placed, in recent, years, a the use of . 
Jebpropulsfon systsae for airoraft bass resulted Iln an urgent need for 

Fkury invcsgtigatioas of the baaia mBpMaente of ,mob syaCerraJe (expanding, 

converging, and'strai@%dled oheusn81s) hre made, but .say of 

the data i r o m  these invsadiig~tticy~p~ a m  not applleable to pmeent.day 

aircraft d e ~ i g n  beetatme of Wch number and RaynoIda mfglber Iidtmtions. 

In order to meet this need, invaatfg+tioner of oaaf3prat2ans aol~parable 

to those achzall$ enoounted in fU8ht  pmblem pplsG 'be! W e .  
.- 3 

.I. m PROBm 

S t a W n t  g$ t& ~robleq. T U B  investiga%fon was designed to 

study the effeaf of inletknmdetry-mer cdndifione on the perfo-oe of 

8- 12' 10-inch inlet-dfametcbs diffuser. Sfnue there is, at the present time, 

no satiefactory theory for predistbg boundary-layer m r t h  acaurately in 

reglone of 8-m p m s h  gradients vhere the rab of, obarkge of bounda* 

lagar paramefers 3s large, a d  silnae there is no theory at all for predicting 

boundary-layer development amr separaffcrn bas aemrrred, no theoretical 

analy~is of the flaw through %his difhssr was attempted. 



t - 

1 

4 m  set uktlg~wo lengths of coostant-area idst p i p  ahead of the d i f -  
, . .. 

aer, The First sec%toia wed was 9 izlohee ions and the other w s  68 inches . 
long. The ana1ysSs was further-broken d m  tca,s2udy flr~rt, the effects 

oi in le t  boundary layer on the pattemp ~ R F - B  ti diifimr and th.n 

the relatian betwsa vario;rre aAaractsrist%w of the f low and the d l f h -  
w 

aer peppjmce mammd as #@ ra;tfo. of the actual rfse ia a t b t l c  . 

preaaurot thr- the didftlesr to that rfse idea2 ly possible, It was the - - 
design of t h i ~  pkgma to barn not only whatt the effeof s OF i n l e t  boundary 

layer am bu$ elso haw effectsf we bmmght a h % .  

Inlet Mach mber was varied fmxa alxmt 0.3 up t o  1.0 by increasing 

the t o ta l  pressure upstream of the d f f i a e r .  T h i s  pmaass resulted in 

a variation of Reynolds number' (based on I n l e t  diaraeter) from about 
6 '  1 x 106 t o  4 x 10 . 

bmortanoe -- of the prab16q4 In laany f l aw problems it is namssary 

t o  o o p e d  the kinetio energy of a high veZoofCy afrertream t o  static 

psesaure energy at tn lower velaciity. TUts is wcc3wpUshed in a aubaonio. 

f l o w  by any type of geometric expan~ion of -the flow dsmel, To operate 

wii&out incurring hi& pwmure lames, however, the expmding channel, or - 
dlff'ussr as it is ustlallp oallsd, must be of witable ooaflguation. 

8 
The difPuse~r is an bporknt part of'aost jtat~propultsion aystelarr 

since at the normal operating veloai&2aeas of aircrtlfi using euQh 8ystem 

air ie of ncacessfty indir~ted at  a higher veX~ol ty  and Power presmm than 

is'desired at  the ewne  M e t ,  The eflioimuy of tha.syst~aar is increased 



ale psr ib l e  m y  teke place ahead of tb eagine. 

.Diffumra are qui&e. valuable fa other appltcationa alrao. The 

p-r requlnd to  bpemb wind tmmls is largely dapadent on the pna- 

sw*e recovery dowastrsaua of the t e s t  sect5on. The tunnel therefore 

operates with a i n d a s u ~  pmmr when the m&3dmm alLffhsSon far obtained. 

These are only two of %her mrce ~ m p o ~ a n t  vlays that the diffieer - 
- is used i n  %he aemnautloral world. T'bn, are m m y  Other apglioationa 

' but #eae alone are smtfficic%at to show Che bport;saace of a btter under- 

* standing of diffis6F flar. . 

. I The aonfigur'kbicm ohoaen for thir fnvestlg~t$on was designed to F .: 
skadg the effect of' tv6 inportant v ~ r i r b l s s  on a d!ffuse;'large enough 

t o  be corapslmd ~ 5 t h  tho88 used on dxcrarft. And the variables.- f l o w  
, 

rate rand in'lebboundarg-laytr tMcskadas9 - were also crhosen so ae t o  be 

comparable wfth the ccmdftions to be enamantered In f l ight .  It l a  felt 

therefore that these data w i l l  help to fill an evident gap i n  the know- 

ledge of f sternal flows. 
- -  

If. DEFfXaTTf ON OF TERNS VSED 

Boundem-laser garw%er~. Several parmetees are oonnonly 

used in  dfsmafag  bound- layers. They am boundary-layer thickness, 

$, displaceaen2 thickness, S*, nioenntum .thickness, B, and shape 

$* parameter, - . Bamdarg.-1.ayer thickness is arbitrarily defined at  
0 

the araxfanuP 8istancse froin the wall a t  which retardation of the flow due 

'I. I~ 
8 



to the wa3.l is  abaszwed. It I s  extrcslersly d i f f i c u l t  la pin-point this 

dimension exactly so that 5 is generally defined as the distance irom 

the w a l l  at whicrh the load velsoity i s  some arbftkry percentage of the 

fme-ttAa wxocfty. F O ~  t h i s  tnrrsstigatim, S is defiwd as the d i ~ -  

tslnce fr& the w a l l  st whtuh the local velocity 38 equal t o  0.95 tima 

the freestman velocity, 

The dirphoc~ent  thiokness, %*, i s  a qnantitative m a w e  of the 
'+ 

f low deflcienoy. cmated by the boundary lager. It is oftsin - vimalimd 

. ~ E I  the amaunt fPrat atreamliners are diaplsced f'mm ra surfaae by the 

presenoe of boundarg layer. ft is exactly def5ned as the height of 

bmbda~g layer.wh2ch whem multiplied by a unft width and the free-rstreara 

velocity is  saw1 to the &f'ference between the quantity of mass that 

w21I9 f'iow thr&gh the ?xnu+ary layer if all the air there were at free- 

etmam velocity and the quantity of mass that actually flows through the 

The mmttlza thickmes, 8, ie e qnantitative meamre of the 

moruen.tum defioiency 2n the boundary layer. It is defined as the boundary- 

layer thlcknesl~ that; when m l t i p l l e d  by a t&.t width and the product 

of the density and t he  square.of the free-atream velocity, is equal t o  

the difference in momentum t ha t  the boundary layer would have if ft were. 

dl at free-stream velocity and the actual momentid of the boundary layer. 

The shape parameter, '* is the ratio of displaosnmt thi-ss 7' 
to momenttpm thickness. f t a  value as a single parmeter whfch deFinee 

boundary-layer shape i s  demonstrated ia reference 1. 



Peflormmce ~armeters, Four parmeters vsre used th present 

dllfhser performance. These par8meters we& selected to show the con- 

tribution of &ous features of  the flow to the over-all dSffulser per- 

fommae and also fn order t ha t  Chess data might-be ehsily compared w i t h  

the data of other investigators, 
1 

The loss ooamci6+t & 5 i  the mtto of the sasrr weighted 
q3 

t o t a l  pramare floiss through the diff'user to the d-fc pressure a t  the 
.I 

fnSaB, This ratio is a aonvenfen% mecpwm of pressure loss because it 

poae&ws the tendenoy to  m8aW oonatat vith r~ryfng density and flov 

.rate as Infig as. the flow pattern dms not @harage, 
Q'.'. 

TG pressure elticierrq aP is the ratio of static pressure rime 
A'4 

thrangh the dlfflaser t o  the deerease in dy~wu3.0 pressure, This coeffi- 

cient depends upon pressure losses $us to friction or, An the case of 

sugersonia f low, pmsenw losses due to  shock waves. It can be ex-. 

pected t o  vary in a 7mnn8r inverse t o  the varfatfon of %he 108s coeff'f- 

-The difi'uaion-factor A. is the ratio of the actual decrease 
Wid* 

in dynramic pressure through the d fueer.%o that ideally possible, This - 
m t i o  masums how much of the ge-trie'expaneioa is u t i l i ~ e d  t o  convert 

impact pressure t o  statfc pressure. knythlng such as thtckening or 

separating boundary layer whieh reduces the effective area of the difPuser 

w i l l  reduce ' Aq . 
&ideal 

An over-all: maam of the a W l f t y  of the difhser to convert 

the entering dymnlc preeifilre to stiatio presmre atuthe exit l a  the ratio 



of the ,actudk etatic pressure fntlrease Ulraugh the diffuser t o  that 

idea l ly  poasws. Thls ratio ie &led diffhser efleotivenees. 
&ideal 

It is am, arince the ideal etatie pmesure inarease is equal to the 

i d e d  decrtsaw in  dynamicr pmsmrcs, equal t o  the product of the pwssure 

AP - AP Aq- efffo5titncrg a d  the diffieion factor, - - - x 
A4 milaeal 



static pressp3  

total pressure 
h 

tot&:-pressure loss thmgb difflrwr 

perpgadiaular ilietanoe h P m  dfff'urser wall 

6' baundazy-layer thicrkneas at 2.00 P, inohtns , 

u 
. 6' boundaxplayer displacement thickness, Inches 

loser coefficient 

AQ df ffislon ~aatbr 
4% deal 

diffuser effectfveness ' 

AP2dwl.l 

refirenee stagnation conditions 



In order that the reader aaay &n a comprehensive view of the . 
brganimtion o f  the tbsira, a brief descrlp%Ion of Its dlvialoa into 

chapters v f l l  be presented here. Flrst 'the backpnmd of -the pmblem 

the ohaptar wReview of the Literature.* , 

The chapter USaurere of the Datae describe8 the location of the 

sxperlnental %quipmnt, the powsr supply, and the i x l s t m n t a t i o n .  The 

tethniqnea applied fn taking %he da* are then desertbed in  the chapter 

wExperinsent& Fsooadum," The final tmatmsn? 4f the data ia then ex- 

plained in the ~hapter  ~Compotational Methadson ID ththis chapter the 

a~smptione*neoessary for the prepartitti& of the dath and the errors 
I : , e  

imrolved are desocrrfbed fbr era& parameter used. 

The m d t s  of t he  fnteatfgation are pmeented in three chapters 
T 

dirldiik the analysis into  a p n a a t a t i o n  oi atatio press- distrtbutions, 

btmaday-layer proi'lle s and parefmeters, and perfol~aaanoe paraxtters . These 
ohapterrs also present a diecusgion of the resalts as related to previous 

frweetfgatllons in diffuser8 and as intawrelated dne to mother. 

The finail chapter sumswims the results of thia investigation 

and prersentb a statement of the mnclusions that may be drawn. 



'Phe subject of diffbsers  is me that ha6 betan widely explored. 

Muoh data am available for diffusers 4f all shapes m d  dl sizes. 

me dest&r of WJI, hovereq is iboed vith a ~ ~ d e r i n g  situation 

in attempting t o  apply W s e  data t o  present-day problem. To under- 

etand why %Me' is r w ~  it f i neaesBarg to &carnine critf u a U y  and obj ectbe- 

l y  the f i e l d  of dffkizser Utemtttre. - - 

hong the ,batter known investigations of difhsera, the work -of 

Gibson (reference 2) i n  1909 is outstanding: He investigated the I .I 1 
pnsmre drop through b mubar of c & i d  difftwers for water Row. No 

attempt was made, however, to control the M e t  boundary layer - in h c t  

no mention i a  made of its consideration as ane of the variables for - - 
L 

diff iaer perfomae, The hpnoldgs m b e r s  of thew tests ranged only up 
, 

t o  about 2 x 103 at velocities up to 23 feet per aeaond, 

&pire (reference 3) imtest%jgated the performanee 6f dfffwmra 

for air flow with a c o n s h t  in le t  length, thereby maintalxing the % #  1 
i n l e ~ l ~ n ~ - l a y e r  aanstaaf. The Reynolds numbers of these kivestiga- 

ti&. vas atmt 3 m m6 k t  tb  ah imabsr8was a-t 0.4. 

The perfomenace, of straight walled rrmiaal diff!ueasrs with inner 

bodies up to I&& mabr 1.0 inrest5gated by B o b  and Koppe (refer- 

tanae 4). These, $aka are presented considering the inlet boundary layer - 



as negllgible md &rthenrtrra %he di fper  diameter was ao s a U  that . 
5 the Reynolds number wssl only aboPrB 1.4 x 10 . 

angle. oanical dlfflrsers at B%ch' rnanbers ranging up t o  1.0, but the inlet 

boundary lapr usa bald can~tant by ashg a wwtant %en@ of in l e t  

p%pe of 1.2 diaeasters. Power U t a t i o n s  made the s i z e  of the confign- 
v 

ration, and cwmqumt3.y the Begaolad) numbam for the data, of neceaefty 

The effects of rawng in:& bound- layer on tb. perfornanee of 

srlao' for vimw. diPQtrsOon agle8.  The alet boutyieq laye* waa v&ed 

by add2ng strafght ahead of We dSPn\.eer entrance in units vetrping 

f r o m  6 to-& inlet d2aae%est, long. UnP'ortmatislp,: @xmver, these data 

are obtdned at lov f l b w  raters, maching a W l r a u p  b p o l d s  nmber of 

found In dffAterer lftemfure. A Zmge p ~ ~ t f o ~  of these and o&r results 

I 
a m  mmmdaed by PatWrson ia mfemrme 7 carid H a r y  in refereme 8. 

w - -  
w 

IX. pIsE;S$;W s"pm3 OF Tm L l ! r E U r n  

The present status of dlfflzarer Uteraturs I s  revertled to be 

inadequate to M i s h  hfonw;C1on far the proper design of higbqmed 

subaonicr hlfihsers. Tnmatlgatf ans at huh numbers approaching 1.0 have 

generally been made with very amdl diffiears and no attempt has been 
Z 

- 



I 

mde to separate the effect of in3.et-bundharg-layer o#PxbdiCiona. Those 

investigations vhich aonwnzed &f-rrs of atlses collrparable to those 1 
used in aircraft comaraely were generally l in i t ed  by the availabie 

power to very l o w  Mach numbers. Zn addition, the tgge of flow at the 

dfff'uaer 5nlet is f o r  the marjor3.ty of the literature unknown, or e l m  

s a w  emily defined ~ ~ a i t i m  as f td ly  developed t:urWent pipe 

. p o w  i s - s a t  up. Thf8.2aCter condition is commonly foand in the, litera- 

ture byt fn practiae it is rarely set as a diffnser inlet usnditian. 

There is indicated than a need for data in conf'igaratione aompam- 

ble to those used in htll-scale airoraft fly* tat veloait$ee approauhing 

the velocity of sound. There i r  ~ I M ,  Wicated a need of data for 
7 >wj J 

difihsers under vm&r5ng inlet R o w  ubnditions. Litar&rtnm covering a 

combhtion of these vrar%etblea over t b  desired ranges is, at present, 



SQURCf OF TffE DATA 

The souroe of.%hb d&a i a  pehhsps best d e e d b e d  in two parts. 

The f;lrat pa& deecrtbee the apparatus 2n which the tests were run, . 
thsir location, and the power sapply. The seaand pax% describes the 

Ths exparimatal inmtigati5on reported here was wnfEUc%ed in 

the Internal Aemdgnanrlosl Sectitan of We Bational Advisory Camittee 

for ~eronamtics at irtllgley Meld, Va. 

- ;I Tba a5r flow for t b l s  imrestigation v ~ r s  supplied by two , 

1000-horsepowr w n t r i h p l  blowers in series.uhioh delivered 

22,000 cuMc fwC ger.minute at  appmldmately 1.4 atmospheres pmaeure 

at top speed. Thgs air .claw ps &g:a trJn tb &XPha&r ent~ante 

bell through 54-inch-d-ter ductiag which served r e  a pleaua &amber. 
.= 1 I 1 

Downstream of the difPuaer thia air uas reoirou~ated Bhroyh the blowers. 

By n e w  o f t M s  recimlatlon, the tenrpsratum of the a i ~  wan raised , 

enough t o  p m e n t  condenaatlon in the diffuser throat, 

Several sureens vese plaaed appro-tely 12 feet upstream of 

the diffuser sntranoe bell t o  produce as uniform a f low sa poseible. 

The diffuser, mtmae bell, and in l e t  pipe were formed from 

l/2-inch told-rolled steel, ThPs apparatus i s  sham in the line dia- 

grdllg of figure l. The dlff'user Stself is mnastructed i n  two parts, 
1 Z l *  1 
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df s8an;lrs. - S i x  addltiond. statio-pmsszrPq o f i f f  ce8 w i r e  equally apaasd 

cfrmnferentially ammd tihe ductbg at the fnlet aad edt stxttona of 

the dlefbser. Xn the C~aasition m@cm (aee ia'se%,. figure 1) six 

shtia-pre~stam crrSFime were mrg, sfoselg. spa& in order t o  nrearetlre 

&stance it vw necesaaq to.sltqger them cimmu%~lsntfal~ wer a die- 

tanas of a h t  1 4 2  inches,, 
"k..,y,, ' . I -  J1 

;Bozuldwy-lwer gre'sme m y r  were made the rake shown in 

figure 4 .  The Cubw vatrfwl. in sisls from 0,03Q-in& =bide d5metsr for 

the tubes nearest %b t o  O.OSd-inah outside diamlar farther out, 

A atati~3-pressure tube was moltzzbd on the raJrc) W msmre static, prcas- 

sarts~ at the stma l w g i t ~ n a l  etation aa the tstaZ preseures'usre 

amamsed. In s a w  oasres near  .We dfffuser wit the bmadmy-Tcsger was 

so tuck that the rake did not entfrely cover the dfstaace t o  the edge 

of the boundaq layer, an8 supplementary ~ a s u ~ m e n b  were maae wfth 
I 

a mvable pifotcataticr tube. Th.rs movable labe was de&.gned"to survey . 
total and static p a s u r e a  a% the inlet and eldO staMons. As show in 

figure 5 it urre taslesuqwi A*oet l/8-inah outside dimehr  at the upstream 

- 
i t  wae rigidlg. attached to a stredhe s t k t  whit& wuLd be moved 

- 

@ 
tranmeraely to mdxw(~7'Yws wall % wall. By arubstftuting tubes sf 

the dlffiser, 





In order that boundarg-lager groKZh through the diffuser and 

perfonaance might be thoroughly stud'ied over the range of flma and 

in let  *boundlary l q r s  diseussd in Chapter X, ft was nrawssam to mr- 

vey the &i&ser e&msfvely. The methods wed in mking these experi- 

b f o ~  any bomdarg 1-r or mass flow data were aollectsd, the 

statiu-pressure dfstribut3ons through the inlet pipe and the diffuser 

w e r e  maenred over the entire range of flow rates. The wall orifleea 

taiaing tetrabronaethane or mrcw, rss the case demaaded, and a t  eaah . - - 
flow rate the stiatlc-pressure diatributiun was photographically remrded. 

IT, MASS rn AND TrnAEIYRESSrn WSS SURVEYS 

Total- and statia-psrslssure arumyss were made at  the diffuser 

inlet. w i n g  the pitot-static tube shown h figurea 5. This t u b  wa8 

moved dZr~laaLrically from one wall to the duct center line as total- and 

static pm~sura uem ~tlemrsd on mnltitube nusnomtera. TNs process was 

oerried out for a nmber of flow retss and a s ta t i~ -~ndsure  o r i f i c e  jus t  

upstrean of tb. inlet (see'9ipn 1) was read as a refensno. pressure for 



each point, ThSs survey waa made aa a cadlibmtiab of the aatual mass 

~ ~ c J w . ~ ~ P o u @ ~  the i a b t  w i a s t  the r e f t ~ ~ ~ ~ c e  pressnrra. 

Another ~umey of total- and static pressure, was oamicad out in 
1 

Lhe same, manner at  the pipe ex%%, F s o m  these 6urveya t h e m a  weighted 

- *due of tatall 'pressure lass through the diPfZlser alone was  obtained. 

.. " - - 
The m&** s h m  in figure 4 was .hataxled at Goen stations in 

the1 diff'u~~.er (me fI@n 3.) & obtain, knntlet&p of the gmvth of 

banndary layer. In order b f i e ta l l  thfs rake 5% m s  nsmssary to cut 

holes in  the df'f'fiaar wall, The mkee~ were then installed bg mmoving 
7 

the tsil-bipe -seeion. QI the outside af diZPnaer wall .the rake 

was clamped semirely, once i t s  proper setting had been established, to 

a-bllaaket attaahed t o  We diffnaer.wall with merahine sorewa. The space 

where the rake entered the w a l l  Gtas then maled w%%h clay and masklng 

tape. The rake surreys uere,hgtm a t  the difhrser exit and each inptalla- 

t ian hole was mt a8 the survey position was-'moved upstream. Fach in- 

stallation hole w a ~  camfu22y f i l l e d  ultb pyroxyltn after the rake w a s  

removed. The inner sw9aoe surnntndfng these hales was then carefilly 
I 

, refinikahed with Bo, 600 *wet-or-dFye sandpaper. The pressure rakes were 

awneciw~ ' to  m ~ . i t u b e  manometers snd tha entire b o & w - ~ ~ e r  surny 

vas simultweously pde by photographing the =-tcr bards. 

A t  $0- a t a t l m s  near the cUffieer exit the pressure rake was 

not long enough to cover the clomplets bawdsry Zager. When this condition 



exht& a pitoti-atatfa trrbdt long enough to maoh the desired paint was 

made and attached t o  the savable a f d  nsed f'm the inlek and exit maae 

now nrrpeys. ~ g i  this m a s  it uae possible to sx&nd thi, pressure 

surveys at any station to the point where free-strtaw velocilty was ob- 

tained. , 

I.. 
I 



In eoae pa& of the qmputafion of data it was found that mch 
* 

tine m l d  be saved by making approprfate asawnptiane or short cuts 'at 

Uttle expense fn accuracy, In other oases it was found that partd of' 

the da%a could be extended oonsfderably if certsb aasareptions were made, 

In order thet thaw sssmaptiona might be clearly presented and that tbe . 

meaning of all parta of the psesmfdl data be elearly ~demtood, the . 

me@& of oolaputstion af the parameters and quantities uaed ir l  thie 

analysis viU be desaribad, . 
)i. 

The ratio of th& veloctity hblide the b w d q  layer to the 

velocity a* the edge of the banndary layer was debnafnad by the 
,- J 

folPoirfng fornrula: . 

The value E- is the maxiwrm t o m  preblrsum read at that station, and 

p ie the value of static pressure from the one statio tube on the 

boundary-layer m m p  rake. The valfdPty of the aestmption that  static 

pressure is constant across the bonndary: layer all be sham whejn the 

results of the statfo-presaure distribution$ area dismmsed. 

s* .It was found that the error 3.n values of ahtrpe panmeter - 
8 

mused by usbg this SnaompmrssibLe fartaula was less than -5 percent up 



the separated-flow p r o f i b c ~  as w e l l  as tHe uaareparated-flaw profilesi - 
The tgsphfaal integration used t o  obfptn and e fha  these velocity . 
profiles did ncrt include the,area bounded by the reversed-flow portion of 

I 

the eiepamted-flou psofgles because the inatnuaent;atian meit wss not able 

to wanvs i&gatim ~ s l o o i t i e ~ .  ~hers f im,  the values of the& p-tern 
- 

he separated-flow profiles will be in error by some negative &wit, ' 

8 
ding on the sevez4ty of the separation. 

BU boundary-layer parameters bere computed wing two-dimensional 

lm, The three-dimensional values are valuable only when  used in 

connection wfth momentum and energy changes thmugh the flaw. 'Phe 
I 







I The only.other value needed t o  ccmpub the perfollreanoe 
k 

I the ideal increslars,in etatia Rre'ssure through the diffuser. 

1 ~omputed u s i q  the relations between no& the ratio 
I . - 

total 

1 is that of 

Thia w a ~  

of etstic 







I - 
I 

29 

excesds 1.0 (repnsent.d by all points E < 0.528) the diverging 
H 

passage acte as e superaonio nozlzls and %he-flow continuers to accelerate 
\ 

' downstiream of the transition QUrnratuse. In mery ewe the pressure 

e;radiemt becumma sharply p o s i t h e  dounrstream of th i s  accelerated ragion, 

&d the static pressure than omtimes to inere& at a d ~ m i s h i n g  mte 

. with gn~lrr~asing; dfsttiaae bownstreasl. The intensity of the pressure 

gradients iaoreaws wfth kcmasing flow rate. 

The pressure distr l thf ion through the t i2 i&e+$n2etPsrg-  

. layer conli&stlon is .shown in iigrw 8. ~t low now rates the de- 
I 

cremfng presmre through the long in le t  pfpe is not 60 obvious as tt 
I 

was fn the tMnn~r-inler.E-&rnndarg-~r aase, but otherw9se the pressunt' 

batritrutione are geneeraUy sfmllar. 

In order to paint out more clear1y the &Wfe&ces in  premrsure 

dlstributf~s in the t* ani i&rat+ona,  these dfstrlbotions are plotted 

for aemral different f l ow  rrafas in fQpm 9. To3 obtain the curves of 

figare 9 at the same values of Pmf for each inlet-boundmy-lager 
"a03 

~ ~ n d l t i a ,  the f o l l d n g  pm~ecb8um used* 
I 
3n the utnchoked oondftlon, a orusre plot of figure 8 uas ~ b t d n e d  

by plotting .tatlo pramurs at  each orifice aminst 'ref Thsn for 
T* 

0 

I bny value of for &fch a pmssure-dlstribution ourre was available x- 
I 

for the t.hfnhe3?-lnlet-boundarplayer condition, a fsimd curve could be . 
obbfned for the thtcker-fin3e.t-bozmdaq-1wer aonditf on. When the 

w diffuser choked, huevex, a si%ua%ion arose which mde, it imosafble t o  

I 
continue thie method of ~ o ~ a r i s a n .  The thicker inlet  boundaqr layer 







was affected by the negat5ve press-' grrzdient exfsting in the transi- 

tion regSon farther upstme than the thinner inlet boundary layer. For 

the thioker-lnlet-War~p-layer cam a thtming of the boundary layer 

ohcurred farther upstream in the Pnlet section.  Thfa proaees d i d  two 

things: (1) It oreatecben effective throat upstmam of that found in 
.. 

the thinner-Inlet-baundeq-layer case, &d (2) it increased the effec- 

t % ~  radfus of cumavt;um 3.n the transit ion region. If the point where 

t& t 0.528 (EI 2: 1.0) is aonef demd to be the effective throat f t can 

be seen in ffgure 9 that for the thicker-ialebbcnmdarg-layer case the 

thmit is didpiplaced approximately z aches tapstrean of that for the 

turner-inlet-bonndarg-laser case and 8ppmximatel.y 3 inches upst re& of 

the point where the traneition region begins. ~ h k f o r e ,  when the aystem 

tsas choked, the tkiok$r-inlet-~dargr-1eiWr caes attained values of 

Pref as low as 0.528, whereas the thinnexbifet-boundaFy-layer case 
-tY-- 
"0 i 

wtL&i not attain-values lwsx than Pref = 0.56. T h i s  mads it impoasibla -r 
t o  ecrerpaxe eutic-presrsum-distributim curves h r n  the two cases uith 

dqual V~IUBB oi 'ref for the choked conc~itioa. ~hsrefora, two u b i -  
- H, 4 

trrrry curves were selected from each cam - one be5ng the first choked 

point obtained, and the seaoad being at the ~ m ~ p o w e r ; a v a i l a b l e  

It aan be seem kom fim 9 that i n  both configuratfone at eub 

cr i t i ca l  f low rates (flov raterr at  which theLlocal Mach nmbr at every 
l 
point is duays lese  than 1.0) the pointmof abdimwa static prsssunt is 

looated at  . x =*0.60 inah, uhScsh is about 0,IO Inch dawnstreem of the 









RESULTS OF BOUMDARP-UPER H E ~ ~ ~ S  AND DISCUSSION 

The effeatitre, gmmtxy of any duct syska depends on the action 

of the baundarp layer. Past;fouL~lrly is t h i ~  true in a dffhser &ere . . - 

the Inherent positive presbure gradfeht oan groduae rapid change6 in ... " .  . - 
the boundary-layer tb~ekmk. and. in tbe resistance of the bolmdruy-l&er 
.. 
f low to ssparatlon f r o m  tha boundary. Xt is 'lmpo~tant In an analysis 

of di fheer  perfommce 'then that the action of the bowfdar~r layer be 

lbpsesenta$lve boundary-layer velooPty prafflles at eauh mmey 

station are plotted for the thinner inlet boundary leysr.ia Piguns 12(a) 

"ref to 12(g). The boundary-lager thickness, 6, is plotted against 

gref 
4) 

in flgun, 13; s" is plotted against - i n  figure U and against 
Ha 

x n i r e  1 ;  8 i s  plotted agehat b& in flgure 16 and against - 
6" HCJ r - l a  flgure 17; and - is plotted against kf in figure 18 and 
8 '  Ha 

- 

&gainst x in figure 19. - 
In some oases &rtain daf3deaadssiin the data exist  which re- 

quL.ce3 eome explanation pr io r  to an analysis of these figures, Near the 

&ffiser exft (see fig. 12(f)) the data taken were incomplete in that 

the boundary-lqws thickness was greater than the 2-inoh span of  the 

boundary-layer survey rake. In these cafiels it was.believed that the 































elocfty dfatdbutions within the rakeas epan ware of kmgh silgni 

the data usbg Ho as the value of t o m  pressure at the 

edge of the baunehry layer. I d h a  thea was dane, solid lime were me4 

t o  mnned only the actual data po$nts, dlnd broken lfnes were uaed to  

present the fairing i o i  W profile to the rarldstreere! velocity as com- 

fsoar the b valuers1 

L '  A t  the high flow wtea where snpersonic f low miert;led near the 
I- 

ffiser inlet, toDal-pmsmme mmeys of this region shomd 

a deficienoy i"rom %be refemnq .,oaIu(~ which  was osused by ehoak l o s ~ e s .  

An extreme example of this is shDwn for z 0.561 In flgure 12(g). 
"b 

In these airseer it is iqmsafble t o  determine at w h a t  poislt the boundary- 

t- 
r pressure loss ends* ss U ww mqmted at the point where the 

msudrmza tOW prss8Zlre was ntsamamd. l a  attewpt was ,wade t o  Betembe . 

s* or B emapt in those eases vbns the madman totd premmm vas . 
equal to 8,. - - 

For the separated pmf31es (in thu present ~ieeuseiqn, a aaparated 

profile is arbitrar%Iy defined ae one in whf ch the point ir O is dis- 
if 

placed a measumb1e M a W o e  f m  tibe waiU) some significrsmce of the 

~ d ~ - l ~ r  pamuaehrer is lost, paFtl&u3.a~ly 5n * aase of 6* T' 
F the single-partmeter mpresenblion (refereace 11) is no longer 

cappUcsble. These parsmieters do r e a n  $0- value, however, f o r  oompara- * 
Pvs, purpoaesl and therefore are presented. All points on the bbundary- 

otulas that were o w e d  fmia separated p l p f i ~ e s  w e  indimtted 

in oaoh figure. Bo agtempt iar made, to fair C ~ X ~ B  through these points. 



They oomatsd~wlth dottett lines and are pmseabd mmly to show 

PzveP ' A t  subsado Inlet  valodtiers where  - >0,@, the flow pattern 
% 

appears rrss s \rsUdabUehad flow e-pt mar t h e  dfffbser exit. A t  

s t a ~ o n  5 one ersparafe4 profile was observed at C h e  

dt &a%ims 6 and 7, hmmver, the flow pattern i e  

8ppearra to %1lw no d e f l n i t a  tmd9 throughout the flow range. When 

tihe fnlet vcsloaity appsosa&ed Obs paint &em lcscal eonfc veloulty i a  

aft&n& I n  Wle tranraition cmmatm. seaar8tetl ~ m f i l a a  w e r e  observed - - 

C a t  artatSon 3, Mt the flow was neattaohad at ~atatiaarr 5. #hen aupersoaic 
I 

mlooitSes were attained, a11 the prof$lee dounstrean of the shock 

twrm;lnat@g Che mpsrsonie mgian wrrm mpazkksd. 

-. As sham in figure 13, s rermiqs p n c t i w l 4  invariant at  

statims 1 and 2 with Snemwlng ve1aoity. Xn %he diff%mer f tself, 

housm,  s varies directly .s a ~ n c t i o n  of di- damstmar iloa 

the inlet sad inlet m.B1mltj. Fimns 14, U, 16, and 17 show $hat s* 
(Utd 8 oaxy in s m e r  st.ilar to that of 's. 

PFDm the plofs of figure 16 It up- that it'ie islpoasible %o 

~ i x  a value of bB *re sepslrtfon w i l l  war. a p - t  with the 3 

I 6 * 6+ at - < lm8 nor athohed pmP42ee at , > 2.6 emept for one or two 
8 + 8 

isolabd u a ~ e ~ .  Egure 19 pmvidee a good pieturte of' the regions In the 

difhrrer where sepaoatiaar tmbleao oocur far e?n;g Slow rate, In general, 
6 

at low flow ratsa, e e ~ m i o n  t m b l d  begizw near the d i f h a s r  exlt, and 
r 

at high flow =fee ma;s the WFrrrrsr blit. 



floar rates, separation oocurred at s%et%lans 4, bp and 7, Th 

st o f  the mbaonic-flov range, however, the flov relilafn%d attached 

aal velooities, shuok-pzuduced separetion ocaurred au in 

the thinner Met boutad- layer, An exphat ion  of the 
F 

I types of protiles &OM in figure 21 c a  be foam& ,- in the explazmticm 
.I 

lbtmw-1ayer thiDknszas s is plotted a w n s t  

r 

I ' gradient, 5 deareases vith incmaring flow rate lat i n  the d i f h s e r  s 
increabsas with increasing flow Fate and dfstance from the inLet. The 'w S* a g a i n ~ t  w, ' in figure 22, 6' against x in iigum 23, 

Ho 
8 awnst % in figtam 24, and B agdnst x in figure 25 show 

R, 
b r r t  tbs .ma tw variation as 6 except at the lowest flow r a w  

I 

where  tihe sepemted flow oeaurs. 

<@@Inst !% end x, rsspect ive~ ,  =how that the thioker inlet 
Bo 0 

Zloundary layer is more stable than t h  t-er Inlet boundary laper (see 

m9) exmpt at ttm innst now rater, i t  Lti+~ubsoMc n o w  nta~ 

- 































flow patbrn In the, dfff'wer is shown In figure 29. Xere the boundary- 

ayer tMoL~ees an8 the b-dary-lapar displaceaent thickness 6. I- 
ne sham sohemt3cdly for o man inlet k c h  nmber of abont 0.7. The ! 

$lot of 6 shows opprnx~mtrlr w h a t  part of *s geometric a- i a  
I 

1 
occupied by boundary layer but ao.qumtitative cancluslms can be, drawn 

h.Dn this plot.  The plot of g*, however. glvee an l n d i c a t l a  of what 
1 

the effective flow expansion in the dfffhsar actually is.. l$r applyfng 

a oormction factor ta obtain the equivalent Me-dimaosionrl  s * and 



uaing the remlts t o  get an eflective inlt~t-to-exlt area ratio the 

dfffusf on factor k. be connputed so that a quantitative 

Asideal 
value 58 ~ ~ e d .  bsul t s  obtaned f r o m  a & d a t i o n  of this type 

ahecked 'the meamred 49, values very closely. An example of 
&ibml 

~ n c h  an analyeis i s  given fn the Appendix. 

6" Them are two regime in %he diff'uaer where  the aatsen of - 
8 

fe  notably different in the two 'conf~ration~s. A t  station 3 f o r  the 

thiaker-SJll~t-boun86~ry-lsyer f low (fig. 2'7) there is no sharp increase 
% 

.in & ta,m i s  for the thinn.&i~Iebbormdarg-1ayer~ flow (fig. 19). 

! f h b  ia due not only t o  the more stable entrance velocity profile 

(f'fg. %) but alaa to the fact that the pressure gradiente for the 

thicker-fnle~baundary-layer flow a;~e not as steep ds for the thinnez- 

fnlet-bazmdPIry-1apr flow. J h  the other region (new station 6 )  where 

at  the low flow rates for the thinner M e t  boundary layer there we- 

&Q s* the raria%ion of , : vith x for the thicker high valuka of , 
8 8 

Snlert boundary layer is oomparatlvely eteady. It appears that the 

tranplfer of energy from the central Hgh-energy flow core i n t o  the 

boundary layer is mow nearly suffiolent to mintah flow in #e thicker 

G d a z y  layer than in the cam of the thinner boundary layer at the flow 

ratem inttestigated. 



- - - -- 
10 s 10 ?n th&Filf inch. 
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* tM.rme~ a d  fhidter inlet &&# 4 m r w  h figure #. S b a e  a 

bandary 2-r is inbmntlp a rsglan ?f energy on preseare' lws, It  

I ehartlg be erpeatad %hatu We laws cwefflaicbnt bs higher fbr the thlakerc 

drock wa.s occur tat % val- UBS #an 0.6. These .ho& losses 
SQ . 

inomas& in intensity as the ay~ t s lp  chokea anb the aaxbmm &ah number 





" W  . . 
I 

.P 
?* 

I 

inoreases arara ~8~pfdl.y w f t h  Inomsing flow mt;g thm in the tsse of' 

the thinner inlet boundary Payqr. In th is  range also, increases in th& 

diapboelaefit %hidmess arrd momntnr. Chieknesa bemum mare prawtutcsd ars 

shown in ffg~nres 22 and a, respbtat5ve~. W-1 re@cme, af suprrcl&o 

The 'Biffb83an fa@%r ,A i t 3  platted in 31. T h i s  I 

AQidbarl 
parameter raerwures h w  MU& of tlse passfble. pomtr;tcr expanslfm is a&zelly 

at i l i sed .  For t b  %binaer b ~ U ~ d a v  layer the pm~lenceb of separation a t  

tlie diffuser exit af a l l  f3.w rates ma-kbr, the odt~es  of lotrer 
Aq$deail 

fhm d d  be expected, but tias thlakes-hdary--r flw, even w i t h  

leas %sparatlion, prdhrcseer even lowex vdtaes. ]la the lox+mbsonic-flow 

rage, for the tfrlmer boundary layer .a, -, 0.86, aad for the 
' &idea  

thicker &-layer .&~0 .73 .  
*qtCblan 

I conparison of tbss values 4 t h  thoas of reference 8, in which a 

similar inveeMgst;ion wm msrfed out h a 2l-h&-diaaaerbr4difhrser, . 
shows that ior imtb borrndary-lapr ooa(lltims the ra~tres of Aq 

Aqideal 
for the TO-in& clUfAzarer are about 0.10 lower than those t'm tdm larger 

diff'uer. This difftmnm uan be explained if the ratio of d%s,J, 
9s exarraimd, for m~li  emad~ftI~~1 shows that (E*Jl I 

smaXler,diPRrser ia of the order of Oviae as large ss fbr this larger 

diffheer, or 9 other wrda, me smaller dflhser has less geometric 
. t 





---- 
,hinner- and thl.&e;~bdasg-1aylsr m P i ~ r a ~ t m a  becauee of f ncrearring 1 

.ate of g r o w t h  of bmnilerzlg layer a d  fnamasf ng aaoerfty of flow 

'+ 

frr. pl&3sm EFFIcfEm? 

cy than the larger diff'user. 

presemrs affiofenay & 1s plotted fn figure 32. This 
I 

AS 
r, ~incts i d  nictse~zres We abfility of the diffuser ta conved the- 

- 
fv, D I F F U S E R $ F P I F C T ~  

AP4aaa1 

hemfare be expwfied to vwy similarly Co . &, ft am be ereem- that 
41 

bx. the t~~mir-tmtmistrg-~ager flow is pmwttealy constant at  
Aci 

bout 0.96 mtil .book lwws oswo the shsrp d~tmeam a% pxef < 0.57 
. Ho 

bre regions of lo& supemanla f3av a h  atkibned, Fur the thf okerc 

mndarg-hyer flow is gnaet5Nl.y constan$ orer the lover s u b  
As 

olifc range at a h t  0,98 txlC in the hlghsr subsol?rc range the values 

ecreseer mre rapidly w i t h  increasing f low mte than .was the oase for tlw * .. 







' the product oi the diffusion tactor A9 sad the pressme 
Aqiaeal 

amdenoy 2, its behavior is explained by the ao%ion of these two 
AS I 

primmeten. For the thinnslc-q-1wer f low AP is aonatant 1 
AP3deal 

at about 0.82 in the ~ k r  ~ubaonic f low mnge and decreases slowly . I 
with fnoreacring flow rate untfl the diffuser cshokee, at which point 

the values drop mpfdly. For the t h i c k e ~ . ~ d q - ~ y s r  Mow ,k. 
npidea l  ~ 

is .bout 0.67 at lov Row n f e g  and the mlln behaves in a manner a ip i lar  1 a 

t o  that af thsr thinner inlet baundaw Isger. 

Throughout the subslonlo now m g e  the performance .of the 

the t h t o k e ~ b m m d q - ~ r  ocmfi@maticm. 'PhQ primary mason fbr this 
/ 

is ahown to be not 80 m t d  ~e iwm&d pre-n,  ass inherent in a 

thicker boundary layer htt rather the decrease in effect ive  q m a i o n  

ratfo as represented by the partmeter &. 
b Aqide, 



Frog the results of f M s  iweatigatioa and %hay andysis .it ie 

now pwsible to mmmrfai what has k e n  dons ad ta d m  some concludon.1 
I 
I 

as t o  $he signfficanae of Zhem i2abinbJa. I 

now eonaiti&s pri+mmnd. pmmettsrs vem studle!d in a 12' 

10-inch-inlet-diansete~ emf ueil 8i~f'ussr of 2 t 1 exif-to-inlet area rerCio 

under two f n l e h M ~ - Z ~ r  aondit5ma. T'wo lengkhs of conatsntdirea 

fnlsf pfpe were used ahead of the diffuser entrance - one 9-inches long 

and the other 6Ginehes l a g .  'fheae Ufferent length8 of falet pipe 

profiles and shape pammters, and perfa-ocs psra~etera wem made and -_ 
thefr actidns and mactfona upon ata another were studied over sa vide 

1 
range of flov Tatel. + n o w  rats wa~s varied by tnmbas2ng total pma- 

mn up.tream of  the difmsr system ~o that mmn ide t  P I ~ , C ~  m b r  wra 1: 11 
vmlcsd from abut 0.20 to 0.86 and mraaa inlet RsJm~ldlr wmber was varied I 

6 
' 1 1  

8 

I I 
frwa abmt 1.0 r 106 to 4.0 x 10 . 

It vae &und tha$ th~ t M o l t e r - ~ n ~ e t - b a o m d a ~ - ~ ~  Mow pattern 

was mch nore etable than the thinaerAnlet-m~rg-1ayer~ flaw pattern; 

'b!l 



L e e ,  It  resisted the tendency to separate k.ola the wall better. But 

fn erpite of' U s  the w e ~ a l l  efftoiency of the thinncrr-inlet-Mary- 

layer mnffguratiasr vae a h t  25 preen0 higher bcmtse prkarffg more of 

the mraiiable expansion m m  was svailable for use fn oonvsstfng Bgnamda 

in the Cunner boundary layer vere bars. 
E 

(1) The 5n2et.bmmdaq-hyer profile is aa important 

variable f n  the perfamanee' of a dlfitssar. 

(2) For the two iwnditii3n~ fnvarstigated the pedommoa, 

arsasured as the mtfo of actaal staticr-pmserure bmease through 

varied inversely w i t h  incressing 1 f i b b o u n d a r g ~ ~ e r  thrlcknees. 

I 

parpaible change in dptmio prprsmm than by lo8see b m m d  in 

awsrting the amilahle chmqge in dynamic pmsaua to a change , 
in atatiu pressure. Thir 2s mused by the' action of the Boundmy 

layer in mdtxcrlng the effecrtivee expansfon of the &ffimr -=try, 

(4) Prom the pnasdw oonclnston it fcllan that the dim 

ser efflaienqy would laoat effeatively 'be &creased thruugh stme 



method whereby boundarg-Wer p w t h  Mght be reduced t o  a 

dn5aaun and the separriatfon of the Mnw fmm the waZZ be elimiaa- 

ted, This lalght involve boundary-layer wntroJ. by me- of 

contimaus auction tibraugh pomos wslb or the mmvd of low 

energy d r  ltear the war1 through slats plac~ed ~t pohthi where I, 
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COWARILYON OF MEASURED VALUES OF 
Aqldeal 

UITH THOSE CALCULATED FROM TIlE BOUNPAFE-LAYER 

Shes 6* 18 small relat ive to the diameter aP $he duct It  mgv 

be assumed that the two-dimensional value of s* used Sn - th i s  investi- , 
gation is approximately the true 9. If then it is assumed that the 

l 

displacement t.Mokness i a  a masure of the armunt that the h d a r y  laye3 

effeotively displaces the f3m stmmlhee f r o m  the wall, the effective 

ditameter at  the diffiser exit is 

The values m&wured far 6% at the exit station for a mean 

inlet  Heoh number of about 0.7 Q.7 are 0.75 inah for the L . '  
= 14.14 - 2 x 0.75' ("~).*fe*tive - 

s: 12.64 fncthes 

?or a rough approxination the equation ~q = qi 
may be used ( a s h g  inconrgrassible  flow^. y, , 

Then for the thinner-Mdary-layer oase 



If there were no bowdiary layer 
t -.I 

SO the difftmion feetor .- 19 

4 d d  . 

.The value caloulated from aatual pressure mmmmnt is 

Considering the many sbpl i fyfng asawqtti on8 uaed in th38 method 

of caleulatian these valves axparts very well and thts rough analysis 
I 

ind imks  how the perfonnanae, parameter -&L 18 4iraetl.y m e o t e d  
AQldeal I 

*. with boundary-layer action. 


